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OjBTAINYYNT  AND  PROP^^^IDS  07  MONO  TRY  S’’’ ALS  0”  PH?  PIG-W-UYLTING 
'  METALS ,  TUNDSmEN,  RFEN I TJM ,  TANTALUM,  MOLYBDENUM,  .AND  NIOBIUM 

■by 

Ye.  M.  SavitsViy,  Ch.  V.  YonetsYly,  A.  I.  Pebarev,  and  v.  I.  Novosadov 

The  electron-beam  -fusing  of  high-melting  metals  has  great  advantages 
over  other  methods  of  fusing,  arc  method,  induction  method,  etc.  The  nossi- 
hility  of  doing  the  fusing  in  a  high  vacuum,  the  facility  and  convenience  In 
controlling  the  electron  "beam,  the  possibility  of  overheating  by  several  hun¬ 
dred  degrees  above  the  fusion  temperature  determined  this  method  heating  for 
the  zonal  purification  of  the  metals 'with  the  highest  melting  noint ,  niobium, 
molybdenum,  tantalum,  rhenium,  and  tungsten. 

For  the  zonal  electron-beam  fusion  of  metals  in  the  laboratory  of  Rare 
Metals  and  Alloys  of  the  Institute  of  Metallurgy,  named  ^or  A.  A.  RayYov, 
there  was  designed  and  assembled  the  laboratory  device  (Yie.  i)  which  enables 
one  to  purify  metals  and  obtain  monocrystals.  ,nh.e  basic^oart s  of  the  unit  are 
a  plate  with  a  cantilever  for  fastening  the  sneclmen,  a  lead  screw  with  a 
"bracket  for  fastening  and  shifting  the  cathode,  a  glass  hood,  a  mechanism 
for  shifting  the  cathode,  a  vacuum  system,  and  power  sources  for  the  cathode 
and  anode  electrical  circuits.  The  vacuum  system  includes  a  orevacuum 
mechanical  oumu  of  the  type  YN-2  and  a  standard  vacuum  unit  TT-05-1,  con¬ 
sisting  of  a  diffusion  oump  of  the  tyoe  N5,  a  slide,  and  a  chamber  with 
ionization  and  thermocouple  vacuum  meters.  ’’’he  vacuum  system  enables  one 
to  obtain  a  vacuum  up  to  3  *10-^  mm  on  the  mercury  column  with  a  rate  of 
pumping  of  3,000  1/min.  Prom  the  prevacuum  pump  into  the  worblne  cl  amber 
a  separate  sleeve  ir  inserted  which  pnables  one  to  do  preliminary  pumping 
with  a  warmed-up  diffusion  pump.  "ter0  is  orovided  also  a  carry-bff  to 
be  connected  up  in  the  case  of  the  need  for  a  helium  leab  detector. 
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OB'!’AIJmNT  AND  PROPERTIES  OP  f<ONOORYS™ALS  O'*  TKJL  TTIG^_»^LTIN® 


'  METALS,  TU>fSSmEN,  RHENIUM,  TANTALUM ,  MOLYBDENUM,  AND  NI OPIUM 

■by 

Ye.  K.  Savitskiy,  Ch.  P.  Ponetskiy,  A.  I,  Paka rev ,  and  I,  Novosadov 

The  electron-beam  fusing  of  high-melting  metals  has  great  advantages 
over  other  methods  of  fusing,  arc  method,  induction  method,  etc.  The  r>ossi- 
bility  of  doing  the  fusing  in  a  high  vacuum,  the  facility  and  convenience  in 
controlling  the  electron  beam,  the  possibility  of  overheating  by  several  hun¬ 
dred  degrees  above  the  fusion  temoerature  determined  this  method  heating  for 
.the  zonal  purification *of  the  metals  with  the  highest  melting  noint,  niobium, 
molybdenum,  tantalum,  rhenium,  and  tungsten. 

Por  the  zonal  electron-beam  fusion  of  metals  in  the  laboratory  of  Rare 
Metals  and  Alloys  of  the  Institute  of  Metallurgy,  named  for  A.  A.  Baykov,  r 
there  was  designed  and  assembled  the  laboratory  device  (Pis.  1)  which  enables 
one  to  purify  metals  and  obtain  monocrystals.  '’’he  basic  marts  of  the  unit  are 

a  ulate  with  a  cantilever  for  fastening  the  specimen,  a  lead  screw  with  a 

•  * 

bracket  for  fastening  and  shifting  the  cathode,  a  glass  hood,  a  mechanism 
for  shifting  the  cathode,  a  vacuum  system,  and  power  sources  for  the  cathode 
and  anode  electrical  circuits?  The  vacuum  system  includes  a  nrevacuum 
mechanical  mump  of  the  type'^’YN-2  and  a  standard  -vacuum  unit  ”N-05-l,  con¬ 
sisting  of  a  diffusion  uump  of  the  tyoe  N5,  a  slide,  and  a  chamber  with 
ionization  and  thermocouple  vacuum  meters.  '’Tie  vacuum  system  enables  one 
to  obtain  a  vacuum  up  to  3  *10  ^  mm  on  the  mercury  column  with  a  rate  of 
pumping  of  3,000  1/min.  From  the  prevacuum  pump  into  the  workine  cl  amber 
a  separate  sleeve  is  inserted  which  enables  one  to  do  preliminary  pumping 
with  a  warmed-up  diffusion  pump.  ”her°  is  orovided  also  a  rarry-Off  to 
be  connected  up  in  the  ca^a  of  the  need  for  a  helium  leak  detector. 
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The  specimen  in  the  form  of  a  Tittle  rod  of  th®  diameter  of  3  to  *5  mm 
is  fastened  vertically  in  molybdenom  .lavs  with  tantalum  surlnes.  Vith  the 
heating  un  and  expansion  the  springs  -nermlt  the  specimen  to  move  freely  in 
the  vertical  direction.  The  bracket  with  the  fastened  specimen  is  insulat¬ 
ed  from  the  plate.  It  serves  as  anoie.  A  loop-shaped  cathode  made  of  tung¬ 
sten  wire  of  the  diameter  of  0.7  to  1.0  mm,  or  of  tantalum  foil  of  the  thick¬ 
ness  of  0.1  mm  and  width  of  2  mm  is  fastened  in  steel  holder.  The  Current 

for  heating  the  cathode  is  sunnlied  to  the  holders  with  the  aid  of  copper 
**  * 

flexible  bars.  The  bracket  with  the  holders  of  the  cathode  shifts  vertically 
along  a  lead  screw,  which  extend  s  from  the  working  chamber  through  a.  conical 

vacuum  connection.  One  of  the  holders  of  the  cathode,  together  with  the 

*  * 

plate,  is  grounded.  The  focusing  of  the  electrons  emitted  from  the  cathode 

is  accomollshed  by  two  uarallel  molybdencm  -elates  with  an  onening  of  the  di¬ 

es 

ameter  of  1$  to  7  mm.  The  distance  between  the  plates  is  about,  5  mm. 

The  lead  screw  is  made  to  turn  by  an  electric  motor  through  a  worm  re¬ 
ducer  and  a  belt  transmission  with  a  general  transmission  ratio  of  1:1000. 

The  regulation  of  the  speed  is  accomplished  by  means  of  a  change  in  the  num- 

ter  of  revolutions  of  the  electric  reotor.  This  makes  it.  possible  to  change 

& 

© 

the  sbeed  of  the  shifting  of  the  cathode  relative  to  the  specimen  within 

© 

the  limits  S'f  from  8  to  60  cm/hr.  Terminal  switches  projected  from  an  ex¬ 
tension  of  the  lead  screw  stou  the. motor  at  the  distance"  of  the  focusing 
p 

plates  from  the  specimen  clamps,  equal  to  1  to  1.5  cm. 

A  rectifier  consisting  of  ste~uo  transformers  and  four  ken-ofrons  of  the 
type  TS-150  (XP-T'a)  assures  single- s'eminsriod  rectification  with  a  voltage 
equal  to  3-6  kv  and  a  maximum  current  of  about  550  ma.  The  regulation  of 
the  wording  current  :-uid  voltage  is  accorouiished  with  the  aid  of  smooth  change 
in  the  voltage  of  the  pvL.iary  winding  of  th«  trans-formers  within  the  limits  of 
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from  0  to  220  v.  '’’he  heating  up  of  the  cathode  is  regulated  separately. 

maintaining^. 

The  scheme  proposed  hy  us  for  power  supply  assures  theV  and  regulating 

of  the  temperature  in  the  fusion  zone  in  the  mode  of  oueration  selected  and 
eliminates  overloads. 

Sec  pag-e  Ja  Pigu*c  2. 

Fig.  1.  !51ectric  circuit  of  unit  for  nurifying  metals 
and  obtaining  monocrystals: 

1 — anode,  2 — cathode,  3 — focusing  plates,  h — rectifier, 

Tp— transformer  220/35nO,  — heater  transformers- 

220/12,  220/10,  Tij. — autotransf ormer 

focusing  screens,  and  the  zone  of  fused  metal. 

Before  the  zonal  fusion  -the  vacuum  tempering  of  'the  raet.al  rod  is  ef¬ 
fected  for  Its  degasification.  For  this  -nuruose  t^e  rod  is  heated  un  hy 
electron  bombardment  over  the  whole  length  at  a  temnerature  by  100  to  3^n° 
lower  than  the  fusion  temperature. 

The  movement  of  the  fused  zone  for  uurifying  the  metal  and  obtaining 
monocrystal s  was  effected  at  the  rate  of  8  to  10  cm/hr.  "Tie  mode  of  ouera- 
ticn  in  the  fusion  for  the  metals  investigated  is  shown  in  the  table. 

The  rods  obtained  after  the  fusion  were  etched  and  one  each  of  them 
there  clearly  appt--.red  the  faces  of  crystals.  "’he  hardness  on  the  Fichrere 
scale  measured  on  transverse  sections  of  monocrystal s  of  the  different  met.sls 
had  the  following  values*  Vo  -  170,  l?b  -  79,  ma  -  7?,  Be  -  15*1,  W  -  3^5  'cg/cm^. 


For  the  vi sual 
observation  of  tbe 
course  cf  the  fusion 
outside  of  the  glass 
hood  there  is  set  ut> 
an  objective  through' 
onto  a  screen  there 
are  projected  in 
enlarged  form  the 
cathode  heated  up 
to  2,000—2,500°, 
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Quality  tests  were  also  conducted  of  the  'bending  and  extension  of  mono- 

t 

crystals  of  tungsten  and  molybdenum.  The  extension  tests  of  monoeryeta! s 
of  molybdenum,  niobium,  and  tantalum  showed  cross-cection  contraction  of 
about  1004 

- . - - -  The  obtaining  of  aonoeryst.als 

Metal  Diameter  of  Voltage  Current 

rod,  mm  v  ma  o;f  higb-melt.ing  metals  on  the  ay>- 

paratus  described  above  onens  ut> 

new  nossibilities  for  the  study 

of  the  -oronerties  of  wire  metals 

and  their  applications  in  various 

areas  of  new  technology. 
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